This study aimed to retrospectively summarize the clinical signs, diagnosis, and treatment of congenital bronchial atresia (CBA) in 12 patients. Chest radiographs and computed tomographic (CT) images of 12 patients with CBA treated in the Chinese People's Liberation Army General Hospital were reviewed. Analysis of chest radiographs revealed ten patients had hilar mass-like shadows and two had pneumonia-like shadows; most patients (n = 8) showed hyperlucency of the peripheral lung fields. CT revealed a mucocele in all the patients (n = 12); the mucoceles were round in four patients and club-like in eight. In 80% of the cases (n = 10), associated anomalies, including occlusions of the bronchus central to the mucocele, emphysematous changes of the peripheral lung fields, bronchogenic cyst, and anomalous branching of the bronchial tree and vascular structure were observed. CBA was detected in the right lobe in eight patients and the left lobe in the remaining four. No surgical intervention was performed in 5 CBA patients and the remaining 7 patients underwent surgery, including lobectomy in 5 patients and local resection in 2 patients. Among these 7 patients, 3 had a preoperative diagnosis of malignant disease, and the remaining 4 had severe clinical symptoms that could not be effectively treated by medicines. All patients were followed up, and none experienced obvious discomfort. CBA is a relatively rare and benign malformation disease. Chest CT is the procedure of choice for diagnosis. The presence of a bronchocele and surrounding emphysematous changes are typical radiologic findings in CBA. Surgery should be reserved only for patients with serious complications secondary to the atretic bronchus.
Introduction
Congenital bronchial atresia (CBA) is a rare congenital abnormality resulting from focal interruption of a lobar, segmental, or subsegmental bronchus with associated peripheral mucus impaction (bronchocele or mucocele) and associated hyperinflation of the obstructed lung segment. In this study, we reviewed 12 cases of CBA treated in the Chinese People's Liberation Army General Hospital and discussed the diagnosis, surgical indications, as well as treatment efficacy.
Clinical Data

Materials and methods
Medical records of 12 patients diagnosed with CBA from 1980 to 2008 at the Chinese People's Liberation Army General Hospital were retrospectively reviewed. Chest radiography and computed tomography (CT) were performed for all patients. In some cases, 3D image reconstruction and virtual navigation were performed. The diagnosis of CBA was made on the basis of CT and bronchofibroscopy or postoperative pathological findings. Patient clinical data, image
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Results
Patient clinical data
Our study included 12 patients. This case series included three children and nine adults. Children were aged nine, ten, and 11 years; the adults were aged 25-74 years, with a mean age of 37 years. There were five male and four female patients. Seven patients were asymptomatic, and five were symptomatic. Symptoms included productive cough, hemoptysis, fever, and dyspnea.
Image examination findings
The collected imaging results are shown in Fig. 1 . Figure 1 . A 54-year-old male with a pulmonary lesion identified on a routing chest computed tomographic scan. Axial lung window (A), axial soft-tissue window (B), and minimum-intensity-projection (MinIP) lung window coronal (C), and sagittal (D) contrast-enhanced CT images show a dilated, club-like structure surrounded by emphysematous changes of the peripheral lung fields at the superior segment of the left lower lobe; computerized tomography number is 28 HU; non-enhancement of the structure is shown on contrast-enhanced CT. The orifice of the superior segmental bronchus was not observed. CT features indicate a diagnosis of bronchial atresia. E, F, G, H are the corresponding normal control CT findings of A.B, C, D.
On chest radiographs, ten patients had hilar mass-like shadows, and two had pneumonia-like shadows. Most (n = 8) showed hyperlucency of the peripheral lung fields. CT revealed a mucocele in all patients (n = 12); the mucoceles were round in 4 patients and club-like in 8. In 80% of the cases (n = 10), associated anomalies, including occlusions of the bronchus central to the mucocele, emphysematous changes of the peripheral lung fields, bronchogenic cyst, and anomalous branchingof bronchial tree and vascular structure. In some cases, post-processing of CT data was conducted using 3D reconstruction, which clearly revealed the hyperinflation and a dilated bronchocele. In our study, CBA was involved the right lobe in 8 patients and the left lobe in the remaining 4.
Bronchofibroscopic diagnosis
All 12 patients in our study underwent bronchofibroscopic examination. In only six cases (50%), the pathognomonic blind-ending bronchus was identified, with the location of the atretic bronchus as follows: right lung (B2b, B4, B6, B6a); left lung (B5, B8b). Three were segmental and 3 were subsegmental (Fig. 2) .
Pathological results
Seven patients underwent an operation, five underwent lobectomy, and two underwent local resection. The characteristic mucocele distal to the atretic bronchus and the hyperinflated lung parenchyma were visible in all seven cases. Because the preoperative diagnosis of most CBA cases was not definite, further the distal bronchi of the operative specimens were not carefully dissected by a pathologist. The proximal blind-ending bronchus was identified in only two cases.
Diagnostic microscopic findings were obtained in all seven cases, with the bronchioles plugged with mucus and surrounded by distended alveoli. The septa were thin, fine, and interconnected with one another, a finding indicative of lobar hyperinflation; in some cases, inflammatory infiltrate was observed on the lung parenchyma ( Fig. 3 ).
Diagnostic data
All 12 patients in our series underwent chest plain radiography and CT as well as bronchoscopy. Among the 12 patients in our series, three were diagnosed pathologically after operation, even though the preoperative diagnosis was a malignant disease. The remaining nine patients (75%) were diagnosed with CBA on the basis of radiological and bronchoscopic findings. In three of these patients, the operative pathologic results also confirmed the diagnosis. The others were well during the remaining years of observation.
Treatment and outcome
For treatment, no surgical intervention was required for five asymptomatic CBA patients, but follow up was required to observe the clinical course. Surgical procedures were performed in the remaining seven patients. Among these seven patients, four had serious pulmonary infections that could not be effectively controlled by medical treatment; diagnosis in the remaining three cases was uncertain, and malignant lesions could not be excluded. Procedures included lobectomy in five patients and local resection in two patients.
No serious complications were observed during the perioperative period. All patients were followed up, and none experienced obvious discomfort.
Discussion
Etiology
Bronchial atresia is a rare congenital disease typically characterized by segmental or lobar emphysema associated with or without mucoid impaction [1] . The exact cause of bronchial atresia is unknown; as the airway develops systematically, the lobar bronchi, subsegmental bronchi, and distal bronchioles appear in the 5th, 6th, and 16th weeks of fetal development, respectively. Bronchial atresia is hypothesized to occur as a focal bronchial interruption before birth. One theory is that bronchial atresia is caused by an intrauterine ischemia after the 16th week of gestation. Because other congenital lung anomalies that are known to develop earlier in embryogenesis occur with bronchial atresia, another possibility is that the lesion develops earlier, during weeks 4-6 of intrauterine development [2] [3] [4] [5] . As reported by Schuster et al [6] , the bronchial pattern is entirely normal distal to the site of stenosis, and the atresia is not a result of abnormal growth and development, but rather secondary to a traumatic event during fetal life. Similarly, Raynor et al [7] reported cases of secondary bronchial atresia caused by the presence of a mucosal flap, hypertrophy of bronchial mucosa, bronchial kinking secondary to herniation, or external compression of bronchi by abnormal vascular formation, such as patent ductus arteriosus and aneurysm of a pulmonary vein. 
Pathology
Pathological diagnosis is based on gross morphological analysis of the resected lung specimen. The proximal blind-ending bronchus is used as a diagnostic macroscopic indicator, and a characteristic mucocele typically is found just distal to the atresia point, where the adjacent lung parenchyma may appear normal or hyperinflated. This disease is sometimes misdiagnosed as emphysema, particularly when alveolar destruction is found, which has previously been described as other similar entities (e.g., congenital lobar emphysema) [8] . Riedlinger et al demonstrated that bronchial atresia and congenital cystic adenomatoid malformation nearly always coexist [9] . Both diseases may have the same etiopathogenesis caused by aberrant genetic programs or other abnormalities, with the timing of adverse influence as another possible variable. Recently, studies have suggested that bronchial atresia is one component of a number of different congenital lung abnormalities [10] [11] . The timing, completeness, and level of airway obstruction during fetal development in bronchial atresia have been proposed to play an etiologic role in the varied pattern of these abnormalities.
Diagnosis and Differential Diagnosis
Because bronchial atresia is a benign disease without other serious complications, most cases do not necessitate surgery. Thus, correct diagnosis becomes particularly important.
Clinical Diagnosis
Bronchial atresia is often discovered incidentally since this benign disease is typically asymptomatic.
For symptomatic patients, the most common clinical manifestation is recurrent pulmonary infections. Some authors have reported that the abnormality is more common in men than in women, and the mean age at diagnosis is 17 years [11] .
Image Diagnosis
CT is the most sensitive imaging modality [3, 10, 12, 13] , and the characteristic chest CT findings of CBA include: (1) mucocele, (2) occlusion of the bronchus central to the mucocele, and (3) emphysematous changes of the peripheral lung field. If all 3 of these are present and acquired proximal bronchial obstruction by tumour, foreign body or inflammatory stricture can be excluded by fibreoptic bronchoscopy, and then accurate CBA diagnosis is confirmed. The mu-cocele is always a round or club-like area extending from the hilum, and in some cases, the mucocele may be located in a peripheral area. Distal hyperinflation is believed to be caused by collateral ventilation through intraalveolar pores of the Kohn, bronchoalveolar channels of Lambert, and interbronchiolar channels [14, 15] .
Bronchofibroscopic Diagnosis
Among the 12 CBA patients in our study, six patients (50%) were diagnosed by bronchoscopy; this finding showed that in CBA diagnosis, bronchoscopy is almost as essential as a chest CT examination. Identification of a blind-ending bronchus by fibroscopy was also helpful in CBA diagnosis [16, 17] .
Pathological Diagnosis
A proximal blind-ending bronchus with associated dilated distal segmental bronchi encased by hyperinflated lung parenchyma is diagnostic.
Differential Diagnosis
Differential diagnoses include vascular anomalies or other abnormalities with mucus impaction, such as bronchial cyst, pulmonary embolism, bronchiectasis, or intralobar sequestration. Contrast-enhanced CT and reconstructed CT images are useful in identification. Vascular anomalies seen on dynamic spiral CT assessment present as an enhancing tubular structure. Intralobar sequestration and bronchial cysts are very rarely associated with surrounding hyperaeration around the mass. CT results (mucocele with hyperaeration of the adjacent lung parenchyma) are considered pathognomonic by most doctors. Some publications suggest that because similar results are present for other serious disorders, such as lung cancer or bronchial adenoma, bronchoscopy can exclude these disorders and demonstrate the patency of the central bronchi, particularly in questionable cases [14] [15] [16] [17] .
Treatment
There is significant debate regarding the treatment of bronchial atresia. Some doctors prefer to perform surgery on all patients [18] . CBA treatment should be conservative, and regular chest roentgenogram during follow up should be performed. In younger patients, in whom the possibility of cancer risk is lower than that in older patients, if no serious clinical symptoms are observed, we do not recommend surgery; our point of view is contrary to that of some other doctors.The surgical indications include: the patient has recurrent and severe infection symptoms (such as pneumonias, dyspnea, cough, or hemoptysis) and medical treatment ineffective; malignant lesions cannot be excluded.
Because such benign disease often occurs in young patients, minimally invasive surgery, such as thoracoscopic surgery, is recommended. If possible, local resection should be performed as a first option, and on the basis of the intraoperative pathological results, a decision can be made regarding the need for further surgery. However, because lesions always invade the hilar region, it is very difficult to dissect the affected bronchial and pulmonary vessels, and local resection can be replaced by standard lobectomy.
Conclusions
CBA is a rare and benign malformation disease resulting from focal interruption of a lobar, segmental, or subsegmental bronchus. Most clinical symptoms are atypical. Correct diagnosis of this disease depends on the findings of chest CT. The presence of a bronchocele and surrounding emphysematous changes are the typical radiologic findings of CBA. Minimally invasive surgery should be reserved only for patients with serious complications.
